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Previous studies have shown that lipids are synthe-
sized at a constant rate in sebaceous glands and secreted 
onto ·the skin surface an average of 8 days after synthe-
sis. As a result, measurement of the sebum content of a 
skin specimen of known surface area should allow' cal-
culation of the sebum production rate which had been 
occurring in vivo. In the present study, such measure-
ments have been made on scalp skin specimens from 14 
men, The amount of sebum in 4-mm punch biopsies was 
calculated from the squalene content of the specimens, 
as measured by quantitative thin-layer chromatography 
of lipid extracts. The average sehum production rate for 
the group was found to be 1.45 mg/10 sq cm/3 hr. 
In order to study the physiological and pharmacological 
control of sebaceous gland activity, numerous workers have 
devised methods for measurement of the rate of sebum excre-
tion in humans [1 ,2] and animals [3,4]. All of the accepted 
methods require the collection of sebum after it reaches the 
skin surface and depend upon the efficiency with which this 
collection can be made and upon the accuracy of the methods 
used to quantify the collected sebum. We report here the 
development of a method for measurement of sebum production 
which is based on a novel principle and which is applicable in 
both human and animal experiments. 
The method is based on our current understanding of human 
sebaceous gland physiology. The present and all existing meth-
ods for the measurement of sebum production depend upon the 
assurance, provided by Kligman and Shelley [5], that the syn-
thesis and excretion of sebum continue at a steady rate regard-
less of any physical changes on the skin surface, including the 
accumulation of sebum itself. We have shown [6] by experi-
ments in which radioactive acetate was injected intradermally 
in human subjects and the radioactivity of the surface lipids 
was measured daily thereafter, that an average period of 8 days 
elapses between the injection of the acetate and the appearance 
of maximally-labeled sebum on the skin surface. In those stud-
ies, the specific activity of the surface lipids began to rise within 
2 days, rose to a sharp maximum at 8 days, and then rapidly 
declined to negligible values by 17 days. The distribution of the 
radioactivity in time was an almost Gaussian curve, centered 
on 8 days, so that we have felt justified in reporting this as the 
average time elapsing between the synthesis and the excretion 
of human sebum. This must not in any way be taken as a 
measure of the transit time of the sebaceous cells themselves, 
which have been shown to require 20 to 25 days between their 
generation at the periphery of the glands and their final disrup-
tion near the centers of the sebaceous acini [7]. To reconcile 
these time scales, it must be concluded that the sebaceous cells 
are quite inactive regarding lipid synthesis during the frrst few 
days after their production at the germinative layer, then slowly 
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begin sebum synthesis (that which will be excreted 16 to 19 
days later), produce the bulk of the sebaceous lipids between 5 
and 11 days before excretion, and then rapidly decline in lipid 
synthesis during the final days in the lives of the cells. Under 
these conditions, where the average residence time of lipid 
molecules in the sebaceous glands is 8 days, it must be con-
cluded that at any given time each gland will contain the 
product of 8 days of lipogenic activity. Therefore, to obtain a 
measure of this activity per unit area of skin, it would be 
necessary only to excise a full-thickness biopsy of known surface 
area from the skin and assay the sebum content of the specimen. 
This task is complicated by the fact that such biopsies contain 
large amounts of nonsebaceous lipids, mainly subcutaneous fat, 
which prevent measurement of the sebum by simply weighing 
a lipid extract. Fortunately, sebum contains certain lipids which 
are not found in significant amounts in other tissues. These can 
be resolved from nonsebaceous lipids chromatographically and 
then individually quantified. 
In human skin, both wax esters and squalene are uniquely 
sebaceous, but there is evidence that a large portion of the wax 
esters is formed late in the lives of the cells from fatty acids 
made earlier and bound temporarily in some other form [8]. 
Therefore, part of the material which would ultimately have 
become wax esters is found in biopsy specimens in the form of 
the as-yet-unidentified precW'sor, and, as a result, the propor-
tion of wax esters in the specimen is less than is found in 
excreted sebum. This problem does not exist with regard to 
squalene, which is formed directly by de novo synthesis from 
nonlipid precursors and is not further metabolised to sterols, to 
any significant extent, in sebaceous glands [9]. ,Therefore, for 
this study, estimates of the rate of sebum excretion were made 
by measuring, by quantitative thin-layer chromatography, the 
squalene content of lipid extracts of human skin biopsy speci-
mens, obtained from the scalps of men undergoing hair trans-
plantation operations. The sebum production rates estimated 
by this technique are much lower than have been obtained by 
measurements of surface excretion on the forehead using ab-
sorptive papers [2]. However, in preliminary experiments, re-
ported here, we have found that conventional surface collection 
techniq ues yield sebum production rates which are much higher 
than the rates which are sustainable over longer times of 
coll ection. More extensive studies will be required to elucidate 
this phenomenon. 
METHODS AND RESULTS 
Shin specimens 
These were 4-mm diameter punch biopsies taken from the recipient 
sites in the frontal area of the scalp of men having hair transplants for 
the correction of male- pattern ba ldness. Most of the subcutaneous fat 
was sliced off with a razor blade and the remaining t issue was placed in 
5 ml of chloroform:methanol (2:1) for at least 18 hI' at -20°C. Under 
these conditions it was found that more than 99.5% of the lipid content 
was extracted in to the solvent. The skin specimens were then removed 
and the extrac ts were evaporated to dryness under a stream of nitrogen. 
Ana.lysis of Lipid Extracts 
Each evaporated extrac t was redissolved in 100 /-,1 of toluene and a 
4 /-,1 aliquot was applied to a 6-mm-wide lane on a 20 X 20 cm glass 
plate coated with s ilica gel C. The chj'omatograms were then developed 
successively with hexane (to 19 cm) and then benzene (to 19 cm). The 
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amounts of the resolved lipids were determ ined by photodensitometry 
of the acid·charred chromatograms [1OJ. 
To estimate the precision of the overall technique, 9 aliquots of each 
of 2 lipid extracts were applied to lanes on a chromatographic plate 
and both squalene and wax esters were quantified as described. The 
results of the replicate analyses, shown in Table I, indicate a high 
degree of precision of the analytical method, averaging ±3.1 % of the 
measured weights of the 2 lipids in the biopsy extracts. 
The average quantities of squalene and wax esters isolated from the 
biopsy specimens of each subject are shown in Table II. The average 
ratio of wax esters to squalene was 1.17, compared with the usual ratio 
of about 2 for sebum collected from the skin surface [11). The low ratio 
presumab ly results from the indirect synthesis of part of the wax esters, 
as described above. Therefore, only the squalene contents were used to 
calculate the rates of sebum production shown in Table II, based on a 
12% concentration of squalene in sebum [11], the 8-day excretion time 
[6], and the 0.126cm 2 cross-sectional area of the 4mm-diameter biopsy 
specimens as fo llows: 
sebum production rate (mg/lO sq cm2/3 hr) 
= mg of squalene per biopsy X 3 hr x 10 cm2 
0.12 x (8 x 24 hr) x 0.126 cm" 
Surface M easurements of Sebum Excretion Rate 
Sebum excretion rate was measured in the center of the forehead in 
4 subjects both by the standard paper absorption method of Strauss 
and Pochi [2] and by a newly developed technique whereby excreted 
sebum is absorbed in to a fu'mly adherent fum of. bentonite clay. In the 
latter method, a gel containing 15.5% bentonite a nd 0.2% carboxymethyl 
cellulose was applied to skin which had been cleansed of surface lipids 
by thorough washing with soap and water. A 1.8-cm diameter disc of 
fme Dacron mesh was then pressed into the film of clay and smoothed 
over with additional gel. After drying, the area of clay defined by the 
mesh disc was peeled off and the absorbed lipid was recovered by 
extraction with ether and quant ified by thin-layer chromatography 
[10]. Using this technique, sebum production rates were measured at 2 
sites, one each side of the midline, in the center of the forehead. At 1-
hr intervals, each disc was peeled off and another film of clay and a 
disc were applied in its place, for a total of 8 hr. 
The average quantities of sebum collected at each interval from the 
4 subjects are shown in the Figure, The sustainable rates of sebum 
prod uction measured in this way for each subject, together with the 
rates measured by the convent ional method, are shown in Table III. 
Similar results were obtained when the collection intervals were in-
creased to 3 hr and continued for a total of 27 hI'. 
TABLE I. Weights of wax esters and squalene (/-llJ per biopsy) 
calculated from 9 replicate analyses of the lipid extracts of two 4- /n./n. 
punch biopsies 
Biopsy No. 
2 
Wax esters 
107 ± 3 
276 ± 6 
Squalene 
69 ± 2.5 
160 ± 6 
TABLE II. Weights of sebaceous lipids in 4-mm biopsies of the 
scalps of men with male-pattern baldness and sebum. production 
rates calculated from the squalene contents 
Average weight of lipid Calculated sebum pro-Number of per biopsy (IIg) Subject biopsies duction rIlte (mg/ IO sq 
Wax esters Squalene cm/ 3 hI') 
1 18 168 ± 23 110 ± 15 1.14 
2 33 132 ± 33 121 ± 28 1.26 
3 36 206 ± 35 157 ± 25 1.63 
4 8 140 ± 33 127 ± 27 1.32 
5 36 161 ± 31 116 ± 22 1.21 
6 36 170 ± 33 169 ± 37 1.76 
7 34 170 ± 22 164 ± 18 1.71 
8 36 169 ± 29 160 ± 26 1.66 
9 36 119 ± 38 134 ± 39 1.39 
10 36 145 ± 18 102 ± 11 1.06 
11 34 203 ± 32 175 ± 25 1.82 
12 18 183 ± 24 139 ± 17 1.44 
13 36 217 ± 28 184 ± 20 1.91 
14 36 100 ± 26 90 ± 26 0.94 
Means ± SD 163 ± 32 139 ± 28 1.45 ± 0.29 
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Weights of sebum collected at 1-hl' intervals from sites near the midl ine 
of the fore head, using 2.5 sq cm discs of Dacron mesh embedded in 
bentonite clay applied to the skin as an aqueous gel. Data aJ'e the 
averages for 2 contralateral sites on each of the same 4 subjects as in 
Table III. 
TABLE III. Comparison. of sebum. production rates obtained by the 
method of Strauss a.nd Pochi [2] with those obtained in the last of 8 
sliccessive 1 h I' collections in absorbent clay 
Subject 
1 
2 
3 
4 
Averages 
Strauss and Pochi Method 8th hour Collection 
0.98 
2.65 
1.15 
1.04 
1.58 
mg/ 10 sq cm/ 3 h,. 
DISCUSSION 
0.78 
0.89 
0.71 
0.60 
0.74 
In the conventional and widely accepted method for mea-
surement of sebum excretion rate by a 3-hI collection in ab-
sOl'ben t papers [2]. two 15 min preliminary applications of 
papers a re employed for the purpose of depleting excess sebum 
which might be present on the skin, The results obtained by 
this techniqu e ru'e reproducible in anyone subject [2J, allow 
comparisons of sebum production between individuals [12J, and 
h ave been the basis for evaluating t h e effect of treatments 
which inhibit sebum excretion [13-15]. Nevertheless, the pre-
sen t direct compru'ison of this standru-d method with that in 
which very much longer term collections were made in absorb-
ent clay indicates that t h e paper absorption technique produces 
values for sebum excretion rate w hich are higher than those 
that can be sustained over longer times, We propose to make 
furt h er studies of the q uantitative relationship between these 
two techniques. It is apparen t, h owever, th at it is t h e long-term 
s ustainable rate with which we must compare our estimates of 
sebum production rate based on t he sebum content of punch 
biopsies of the skin_ Thus, t h e mean of the sebum production 
rates calculated from the biopsies (1.45 mg/ l0 sq cm/3 hI') is 
small compru'ed with th e value of 2.52 mg/l0 sq cm / 3 hI 
measured on t h e foreheads of a comparably-aged group of 
m ales by the sUl'face collection method of Strauss and Pochi 
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[2]. Much more extensive studies will be required to establish 
the relationship between results obtained with the biopsy 
method and those obtained with long-term surface collections. 
It will a lso be of interest to investigate the nature of the sebum 
reservoir which requires such a long t ime for its depletion before 
sUiface collections of sebum are reduced to a constant rate. 
However, while the biopsy technique and the long-term collec-
tions should be valuable in basic studies of sebaceous gland 
physiology, for practical reasons, neither would appear to be 
useful in routine cl inical studies. 
In the measurement of sebum production in laboratory ani-
mals, reproducible surface collections are more difficult to 
obtain [3,4], but there are fewer constraints on the taking of 
skin biopsies for measurement oftheir sebum content. However, 
the sebum composition of the species to be studied would h ave 
to be known and a component selected for quanti tation which 
is not present in the lipids of other cutaneous tissues. Also, it 
wo uld be essential to ensure t hat the sebum component selected 
for measure~ent was synthesized only by direct incorporation 
of a nonlipid substrate and not further metabolized before 
excretion. Squalene fu lftls all of these criteria in humans. It is 
not of quanti tative significance if other sebum components are 
synthesized indirectly or undergo transformations during se-
baceous cell maturation, provided that the quantity of the 
measured component in t he excreted sebum is taken as the 
basis for calculation of the sebum excretion rate, as in the 
present instance. For each species studied, the time lapse be-
tween synthesis a nd surface excretion of sebum would need to 
be determined, since there is no reason to believe that this 
would be the same for all species. Indeed, we have found that 
the average transit time for sebum in sheep is 6 days [6], and is 
5 days in the rat and 14 days in the horse (unpublished obser-
vations). It might also be important to show that the different 
components of the sebum of the subject species had the same 
excretion t imes. Thus, in man we have shown that all of the 
major sebum constituents had the same average excretion t ime, 
similarly shaped excretion curves, and the same specific radio-
activity. at the time of surface excretion after labeling by intra-
Vo l. 77, No. 4 
dermal injection [6]. All of the criteria that we have been able 
to identify as necessary for the validity of the biopsy method 
seem to be met in the measurement of sebum production rate 
in man when it is based on the squalene content of skin biopsies. 
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